







る平均年実効線量は 1974–1979年では 3.5 mSv（母集団











て，重要な CPはガンマ線放出核種の 54Mnと 60Coであ
る3, 4)。高速炉における CP挙動を評価するために，日本
原子力研究開発機構（JAEA）により Program SYstem for 
Corrosion Hazard Evaluation code: PSYCHEコードが開発
され 5)，遮蔽計算コード QAD-CGGP2Rと連動すること
により計算結果の線量率マップの可視化を容易にした高
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Predictive Analysis of the Radiation Exposure for the Primary Cooling System  
of the Rated Power Operation of MONJU
Youichirou MaTuo,*1, † Masanori hasegawa,*2 Yoshiharu Maegawa*2 and Shinya MIyahara*1, ††
Radioactive corrosion products (CP) are main source of personal radiation exposure during maintenance without fuel-failure 
accident in the Liquid-Metal Fast Breeder Reactor (LMFBR) plants. In order to establish the techniques of radiation dose 
estimation for personnel, program system “DORE” has been developed. The DORE system is constructed by PSYCHE code 
and QAD code system. The density of each deposited CP of primary coolant system in MONJU was estimated by using the 
PSYCHE. Moreover, the QAD-CGGP2R code is applied to dose rate calculations for the primary coolant system in MONJU. 
The dose rate around primary piping system was visualized using AVS software. The predicted values were estimated to be 
saturated at 2–3 mSv/h in twenty years after the start of operation, and the dose rate reaches 4 mSv/h in domains near the IHX 
and the cold-leg piping. It has been assumed that the main radiation source is 54Mn in the IHX, primary pump and cold-leg 
piping region. On the other hand, it was indicated that the contribution to dose rate of the 60Co accounted for approximately 
23% in the hot-leg piping region.
KEY WORDS:  Fast Breeder Reactor, radiation exposure, radioactive corrosion products, primary cooling system, MONJU.
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945 EFPD（Effective Full Power Days，全出力換算日数），
同約 5年の 2,060 EFPD，同約 10年の 4,365 EFPD，同
約 20年の 8,053 EFPDとした。「もんじゅ」の運転スケ 




Fig. 1　Analytical procedure of DORE systems. F ig. 2　Schematic diagram of MONJU primary coolant systems.








ギーは，0.0–0.5, 0.6–1.0, 1.1–2.0, 2.1–3.0 MeVの 4群に
分類した。0.0–3.0 MeVの範囲での質量吸収係数は，各
元素について 0.5, 1.0, 1.5, 2.5 MeVに対するデータを保











D (E, r→) = K∫
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μ：エネルギー Eの減衰係数の合計Fig. 3　Schedule of rated power operation of MONJU.
Table 1　Region segmentation for calculation of CP (Corrosion Products) source distribution in MONJU.
Symbol Region
A HL: Hot-Leg
B IHX(1): Intermediate Heat Exchanger(1)
C IHX(2): Intermediate Heat Exchanger(2)
D IHX(3): Intermediate Heat Exchanger(3)
E IHX(4): Intermediate Heat Exchanger(4)
F IHX(5): Intermediate Heat Exchanger(5)
G CL(1): Cold-Leg(1)
H PP: Primary Pump
I CL(2): Cold-Leg(2)
J CV: Check Valve
K CL(3): Cold-Leg(3)
L PP – O/F C: Primary Pump – Over Flow Column
M O/F C: Over Flow Column
N O/F C – CL(1): Over Flow Column – Cold-Leg(1)
O R/V – O/F TANK(1): Reactor Vessel – Over Flow Tank(1)
P R/V – O/F TANK(2): Reactor Vessel – Over Flow Tank(2)
Q O/F T: Over Flow Tank
R O/F T – C/T ECO.(A) (1): Over Flow Tank – Cold-Trap Economizer (A) (1)
S O/F T – C/T ECO.(A) (2): Over Flow Tank – Cold-Trap Economizer (A) (2)
T C/T ECO.(A): Cold-Trap Economizer (A)
U C/T ECO.(A) – C/T: Cold-Trap Economizer (A) – Cold-Trap
V C/T: Cold-Trap
W C/T – C/T ECO.(B): Cold-Trap – Cold-Trap Economizer (B)
X C/T ECO. (B): Cold-Trap Economizer (B)
Y C/T ECO.(B) – O/F T: Cold-Trap Economizer (B) – Over Flow Tank
Z O/F T – R/V: Over Flow Tank – Reactor Vessel
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|r→ – r→΄|：線源から評価点までの距離













Table 2　List of CP source distribution of MONJU primary coolant systems.8)
Deposition density in primary loop (Bq/cm2)
EFPD* 945 2,060 4,365 8,053
54Mn
Region
HL 7.60 × 104 8.75 × 104 8.70 × 104 7.72 × 104
IHX(1) 5.31 × 104 6.11 × 104 6.08 × 104 5.40 × 104
CL(1) 1.21 × 105 1.55 × 105 1.56 × 105 1.38 × 105
PP 2.14 × 105 2.74 × 105 2.76 × 105 2.45 × 105
CL(2) 2.12 × 105 2.71 × 105 2.73 × 105 2.43 × 105
CL(3) 2.12 × 105 2.71 × 105 2.73 × 105 2.42 × 105
PP – O/F C 2.04 × 105 2.61 × 105 2.63 × 105 2.34 × 104
O/F C 1.08 × 105 1.38 × 104 1.39 × 105 1.24 × 104
Deposition density in primary loop (Bq/cm2)
EFPD* 945 2,060 4,365 8,053
58Co
Region
HL 1.35 × 103 1.28 × 103 1.28 × 103 2.57 × 104
IHX(1) 7.31 × 102 6.96 × 102 6.97 × 102 1.40 × 104
CL1(1) 3.65 × 102 3.48 × 102 3.48 × 102 6.98 × 103
PP 7.28 × 102 6.94 × 102 6.95 × 102 1.39 × 104
CL(2) 5.41 × 102 5.16 × 102 5.16 × 102 1.03 × 104
CL(3) 5.31 × 102 5.06 × 102 5.06 × 102 1.01 × 104
PP – O/F C 2.75 × 102 2.63 × 101 2.63 × 102 5.26 × 102
O/F C 2.12 × 101 2.02 × 100 2.03 × 101 4.06 × 101
Deposition density in primary loop (Bq/cm2)
EFPD* 945 2,060 4,365 8,053
60Co
Region
HL 1.01 × 104 1.66 × 104 2.03 × 104 1.97 × 104
IHX(1) 5.99 × 103 1.02 × 104 1.56 × 104 1.24 × 104
CL(1) 4.43 × 103 9.76 × 103 1.60 × 104 1.87 × 104
PP 1.05 × 104 2.03 × 104 3.33 × 104 3.89 × 104
CL(2) 6.91 × 103 1.52 × 104 2.50 × 104 2.91 × 104
CL(3) 6.78 × 103 1.50 × 104 2.45 × 104 2.86 × 104
PP – O/F C 3.56 × 103 7.86 × 102 1.29 × 104 1.50 × 103
O/F C 2.78 × 102 6.14 × 101 1.01 × 103 1.17 × 102
*EFPD: Effective Full Power Days







(γ /cm2∙s) or (γ /cm3∙s)
Conversion
coefficient
(C/kg∙h) / (γ /cm2∙s)
0.0 – 0.5 0.5 1.0 2.52 × 10–10
0.6 – 1.0 1.0 1.0 4.72 × 10–11
1.1 – 2.0 1.5 1.0 6.50 × 10–12
2.1 – 3.0 2.5 1.0 9.24 × 10–13














10年後（4,365 EFPD）の表面線量率は，HLで 1.0 mSv/h，
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HL IHX(1) – (5) CL(1) PP CL(2) CL(3) O/F C 
PP –  
O/F C 
Fig. 5　Calculated gamma-ray dose rate of MONJU primary coolant systems.
F ig. 4　Estimation position number for gamma-ray dose rate 
of MONJU primary coolant systems.
Ta ble 4　List of estimation position numbers for CP deposits 
and regions of MONJU primary coolant systems.






































について，赤色で示された部分が線量率が 4.0 mSv/h 以
Table 5　Calculated results for surface dose rate of MONJU primary coolant systems.
54Mn 60Co 58Co Total
(μSv/h [%]) (μSv/h [%]) (μSv/h [%]) (μSv/h [%])
Region
HL  1,108.2 [76.4%]  334.4 [23.1%]  7.5 [0.5%]  1,450.1 [100.0%]
IHX(1)  779.0 [85.1%]  135.5 [14.8%]  1.2 [0.1%]  915.7 [100.0%]
CL1  1,883.0 [87.3%]  271.5 [12.6%]  2.4 [0.1%]  2,156.9 [100.0%]
PP  1,246.0 [85.7%]  206.6 [14.2%]  1.4 [0.1%]  1,454.0 [100.0%]
CL(2)  2,426.1 [88.1%]  324.8 [11.8%]  2.6 [0.1%]  2,753.4 [100.0%]
CL(3)  1,449.3 [87.8%]  199.0 [12.1%]  1.5 [0.1%]  1,649.8 [100.0%]
PP – O/F C  2,144.3 [91.1%]  209.1 [8.9%]  1.6 [0.1%]  2,355.0 [100.0%]
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HL 
: Elbow region 
Fig. 6　Measured gamma-ray dose rate of JOYO primary coolant systems.13)
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上となる領域である。運転開始約 20年で，冷却系下流











ベッセルの上端から下方（Fig. 9中の C）では 1.0 mSv/h
以下となり，これはガードベッセルの遮蔽効果により，
IHXおよび PPからの線量が抑制されたためであると考
えられる。 F ig. 7　Estimation position number for CP deposits of JOYO 
primary coolant systems.13)
Fig.8　Top view of calculated gamma-ray dose rate of MONJU primary coolant systems.






























k = 5.05 × 10–3exp ( 3.46RT ) (4)
として与えられる5)｡ ナトリウム冷却材が高温となる
領域では，kd≪ kとなり，式（2）より K = kdであり，
界面反応律速すなわち鋼材への拡散沈着が主体となる7)。
Fig.9　Cross-sectional view of calculated gamma-ray dose rate of MONJU primary coolant systems.
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